Introduction
Toward the end of the 19th century, the cience of fluid mechanics began to diverge into two distinct branches which had practically no points in common. There were the science of theoretical hydrodynamic and the highly empirical science of hydraulics.
Theoretical hydrodynamics fundamentally describes the theory of a hypothetical frictionles and non-vi cous fluid, resulting in Euler's equation of motion. Hydraulics, on the other hand, was ba ed on a large number of experimental data. It differed greatly in its methods from the science of theoretical hydrodynamics.
Therefore, scientists in the beginning of the 20th century began to look for a precise and compact solution. Thi equation is impler because it does not involve partial differential terms.
In olving boundary layer problems, scientists in the early of the 20th century introduced the concept of similarity to certain class of flows and it had been proved very fruitful. "Similar" olution expresses the assumption that two velocity profiles u(x,y) located at different coordinates x differ only by a scale factor in u and y where u is the x-component of the velocity along the boundary.
Historically, the flow along a thin flat plate was the first example illustrating the application of Prandtl's boundary layer theory. By making full use of the concept of flow similarity. Blasius For about twenty years after its inception by L Prandtl in 1904 (in a paper on "Fluid Flow With Very Small Friction" pesented before the Mathematical Congress in Heidelberg), the boundary layer theory was being developed almost exclusively in his own institute in Goettingen. This period ended with Prandtl's Wilbur Wright Memorial Lecture in 1927 at a meeting of the Royal Aeronautical Society in London. Today, the study of boundary layer theory has pread all over the world, constituting one of the most important pillars in fluid mechanics.
The Application Of Thwaites' Method

Introduction
In this chapter, applicability of Thwaites' Method is investigated for various types of boundary, ranging from a simple shape to a complex feature. Section 2.2 gives theoretical background of Thwaites' Method and its applicability to provide approximate solution for laminar boundary layers.
Specific attention is given to cater for determination of potential flow velocity di tribution over an arbitrary airfoil. . 
Validity of Thwaites' Method for Simple Boundaries
The application of Thwaites' Method ha been found satisfactory for various types of simple boundaries such as a flat plate, a wedge or a circular cylinder. Table of re ult and certain significant graphs of thi approximate method are included in the appendix.
Velocity Distribution Over An Arbitrary Airfoil
In order to apply most existing methods to determine boundary layer properties, the potential flow velocity must fir t be known. Equivalently, the boundary effect i not accounted for initially, i.e. the boundary is assumed frictionless.
The potential velocity distribution of an arbitrary can be derived from the potential flow theory. A doubletransformation is introduced which includes; The external-velocity distribution (i.e. the velocity distribution outside the boundary layer) is a prerequisite in order to apply Thwaites' Method. In fact, a variety of methods are applicable as long as this specific prerequisite is met. This velocity distribution is given in Eqs. (2.5) and (2.6).
From Eq. (2.2), the momentum thickness is
Numerical integration may be performed by using the trapezium rule, which is a numerical integration method to find the area bounded by a curve and the axes. Eq. i) It is a symmetrical airfoil where the mean line and the chord of airfoil are identical, ii) Its maximum thickness is 12% of the chord.
Besides, the basic aerodynamic assumptions include, i) The angular shift of stagnation point of the transformed circle due to circulation, t,.. is zero,
ii) The flow is entirely laminar.
The analysis is not reliable, or rather to say invalid at all, at the regions of leading and trailing edges. The two main causes of this invalidity are;
i) The thickness distribution equation at the leading edge' 3 ) is r, = 1.1019 e ii) In order to perform numerical differentiation there are not enough data at the vicinity of leading edge and trailing edge. Therefore, numerical differentiation at both ends of the airfoil is not accurate.
A series of flow data is obtained for various angles of attack ranging from -0.20 rad to 0.12 rad (-11.46° to 6.88°). All aerodynamics parameters are made dimensionle s in order to gain generality.
General Discussion
From a series of numerics for flow over NACA 0012 at various angles of attack (ranging from -0.20 rad to 0.12 rad). we may summarized the following facts;
i) The momentum thicknes and the displacement thtcknes increa. e along the airfoil boundary and as the angle of attack increa e •
ii) The coefficient of friction increases as the angle of attack increases but it decreases along the airfoil boundary, iii) The location of flow separation at the upp r boundary keep. moving forward as the angle of attack increa es. For the lower urface, location of flow separation is unreliable whereby the causes of unreliability might be; a) A. i out of range of reliable data, b) numerical error while performing numerical differentiation or integration. or during the process of transformation from an airfoil to a circle. Table I shows a serie of location of separation point for various angles of attack ranging from -0.10 rad to 0.15 rad (-5.73° to 8.59°). When a body with convex boundary is immersed in a flowing fluid, the ·tatic pre ·sure increases rapidly in the streamline direction . A dramatic and unde irable change in the tlow pattern happens. Streamlines in the boundary layer near the surface suddenly depart from the surface. This flow eparation is undesirable because the body was designed to produce a given static pres ure variation for a , pecific purpose, uch a to produce ltft for an airfoil or to provide efficient deceleration of a flow in a diffuser. If the flow separates, the intended static pres. ure distribution will obviously be disrupted. Furtheimore, tlow separation will disturb an intended distributiOn of heat or mass Iran fer.
When a flow separates, the viscou region i no longer thin, even at high Reynold!> numbers, and the boundary layer assumptions are no longer valid. Thus, the condition for the applicability of the boundary layer assumption mu t be high-Reynolds-number flow over streamlined boundarie .
Conclusion
Thwaite ' Method provides a much simpler way to find the boundary layer properties for fluid flow over a variety of two dimen ional obstacle a long as velocity out ide the boundary layer U.(X) is knownm. It discards complicated numerical calculation and reveal approximate elutions.
However, applicability of Thwaites' Method i very much dependent on the validity of A., a flow parameter. Exten. ion of the relationship between A., flow parameter /(A.) and shape function H(A.) helps to generalize thi method. 
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